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Abstract

In this paper we present the Lightswitch approach,
an approach for defining early requirements for
enterprise IT systems. Using the approach, engineers
can model the way an enterprise regulates its
relationships with its environment, identify changing
conditions within the enterprise and its environment,
and propose options for changing this regulation. The
engineers can then define initial 1T system goals
necessary for the above changes. The use of the
approach is shown in the real case of a hospital’s
sterilization department.

1. Introduction

Early enterprise IT system requirements focus on
understanding the context of use of the IT system. This
context represents the problems faced by the enterprise
and possible solutions to these problems [4] [7]. Early
requirements serve as the basis for defining the
detailed requirements for the IT system, often called
late requirements [13] [4]. In late requirements the
focus is on producing a complete and unambiguous
description of the system to be built, whereas in early
requirements the focus is on creating an understanding
of stakeholders' needs and how these can be addressed
with an IT system. Enterprises need to satisfy
competing stakeholders needs with often limited
resources. This leads enterprises to create compromises
between these competing needs.

Moreover, enterprises evolve in a changing
environment, the early requirements phase is the right
time for thinking about changes that can or should be
made to the enterprise itself [13]. Hence, before an IT
system is built, it is important to think about the
changing nature of the enterprise and its environment,
and to attempt to define early requirements that fit
these changes. However, enterprises cannot absorb any

amount of change, i.e. they need some stability to be
successful. There is therefore a need for methods that
encourage innovation while discouraging unacceptable
change.

The Lightswitch approach was defined specifically
for this purpose. It is built on regulation principles.
The main aspect of these principles is the maintenance
of identity in a changing environment. The Lightswitch
goal-oriented modeling method is derived from these
principles. The Lightswitch method can be used to
understand who the stakeholders of the enterprise are,
how they regulate their relationships (including what
compromises they create between the competing
demands of stakeholders), what the changing
conditions that affect this regulation are, how this
regulation may be changed with respect to these
changing conditions and what are the resulting high-
level goals for the IT system. It thus can be used to
complement existing early or late requirements
methods.

In Section 2 of this paper we present the regulation
principles that provide the theoretical base for the
Lightswitch method. In Section 3 we present the
method itself. In Section 4 we illustrate the use of the
method with a summary of a case study performed in a
major Swiss hospital. In Section 5 we describe the
related work.

2. Theregulation principles

The regulation principles are inspired by General
Systems Thinking [11] and Cybernetics [1]. Some of
the basic ideas are similar to SSM [2].

The main point of departure for the definition of the
regulation principles is to understand how the identity
of an enterprise is maintained in an ever changing
world. In General Systems Thinking the answer is the
“open system” concept. An open system is a system
that has relationships with its environment. An open
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system maintains its internal organization, i.e. its
identity, stable by regulating the exchanges it has with
its environment. Regulation is the elimination of
variety [12]. The result of regulation is the adherence
to stable states that we call norms. When the state of
affairs is considered to deviate substantially from the
norm (i.e., to be outside of an acceptable threshold), a
regulative action may be taken to bring the state of
affairs closer to the norm or the norm may be changed
or both [9].

Since the environment changes continuoudly, the
system needs to adapt to it from time to time. Thus, the
system changes over time. Through the regulation of
its relationships, the system attempts to limit these
changes. In other words, regulation seeks to maintain
the state of a variable within some bounds. The success
of this regulation leads to the maintenance of identity
of the system and therefore to its survival. Hence, we
consider that systems survive in a changing
environment by maintaining some of their norms
unchanged and changing others to adapt to the
changing environment.

We call interpretation, a system’s understanding of
itself and its environment. Norms influence each other
through each system’s understanding of these norms,
i.e. through the system’s interpretation of the norms.
Thus, different systems can have different
interpretations of a same norm or a given system may
change its interpretation of a norm. Therefore, for a
system to change its norms, its interpretations need to
change as well. Also, regulative action is taken with
respect to interpretations of what congtitutes a
deviation. In other words, different worldviews lead to
different behaviors.

The Lightswitch regulation oriented heuristics can
be used to analyze an enterprise’s business processes
and infer how the enterprise regulates its relationships
with its stakeholders.

2.1. Theregulation oriented heuristics

The heuristics are derived from Weinberg and
Weinberg's analysis of regulation in systems [12]. In
the following list we mention only a few of the
heuristics from [6].

Specialization:

Providing specific mechanisms for regulating a
subset of norms. Specialization provides a better
regulation for a given set of norms but reduces the
ability to regulate other norms.

Ample and scar ce r esour ces:

Access to scarce resources is highly regulated.
Access to ample resources is much less regulated.

Some resources are so ample that they become hidden
and access to them is not regulated at all. Scarce
resources may become ample and ample resources may
become scarce. This causes instability in systems that
need to adapt to such changes.

Compromises and dissatisfaction:

Compromises are necessary when a system needs to
regulate severa relationships a the same time.
Compromises do not satisfy stakeholders completely,
leading to dissatisfaction.

Backup regulation mechanisms:

Mechanisms that are used to maintain a state of
affairs within the acceptable threshold of the norm
even when the main mechanism fails to do this due to
unexpected changes

Regulation by error:

Waiting for a deviation from the norm to be out of
the acceptable threshold before taking regulative
action.

Regulation by anticipation:

Taking regulative action before a deviation from a
norm is out of the acceptable threshold. When
anticipation succeeds it provides a better regulation
that through error by reducing the deviation from the
norm. When incorrectly anticipating a deviation, the
result may be significantly less satisfactory.
Anticipation requires experience.

3. TheLightswitch method

The Lightswitch method is built on the basis of
these regulation principles. It is composed of two main
parts: the Lightswitch models and the process used to
structure the intervention in an enterprise. We review
each one of these partsin turn.

3.1. TheLightswitch models

The Lightswitch models use standard goal-oriented
modeling elements such as maintenance and
achievement goals [3], beliefs [13], and communities
that are smilar to an agent. The correspondence
between the modeing elements and the regulation
principles are:

e aCommunity represents a system

e aBdief within acommunity represents an
interpretation of the system

e aMaintenance goal within acommunity
represents a norm of the system

e an Achievement goal of acommunity
represents a regul ative action the system
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The notation used to represent the Lightswitch models
is based on the Unified Modeling Language (UML)

[5].

Community A

<<Belief>>
Belief A.1

<<M-Goal>>
Goal A.1

<<M-Goal>>
Goal A.2

<<Belief>>
Belief A.2

Figure 1. A sample model of a community

Figure 1 shows a first sample model of a
community. In this figure we can see that:

e Communities are represented as UML
packages with the name of each community
displayed at the top.

e The shaded rectangle around the community
represents the environment of the community
that is not considered in the model.

e Maintenance goals, achievement goals, and
beliefs are represented as UML classes within
communities. They are distinguished through
the use of UML stereotypes, i.e, a
maintenance goal is designated by <<M-
Goal>>, an achievement goa by <<A-
Goal>>, and a belief by <<Belief>>.

e Rdationships are represented with UML
associations.

e UML N-ary associations are used to represent
multiple relationships between beliefs and
goals. In Lightswitch, N-ary associations are
used specifically to represent goal reduction,
i.e, showing how one or more goals are
related to one or more sub-goals through the
consideration of one or more beliefs. The
higher-level goa is the goa that is
represented as an input into the n-ary
association (appears in bold in Figure 1). The
lower level goals are represented as results of
the n-ary association.

The N-ary association represents what is known in
goa-oriented RE literature (e.g. [3]) as an “and”
relationship among the subgoals. For an “or”
relationship to be represented, the beliefs need to be
changed and hence a different model needs to be
created. Asan example, consider the goal of making a
purchase. Two subgoals with an OR relationship may
be to “pay cash” or “pay with a credit card.” Paying
with a credit card may be justified in a Lightswitch

model with the following belief, “paying with a credit
card allows me to keep more cash in the bank.” To
justify paying cash, a different belief is needed in the
model, such as, “I will need to pay interest if | pay
with a credit card.” We thus need to make two
different models, containing a different set of beliefs,
to express these two different subgoals.

1
Community C

<<Belief>> <<M-Goal>>
Belief C.1 = Goal C.1

1 1

Community A W Community B \l/
<<Belief>> <<Belief>> <<Belief>> <<Belief>>
Belief A.1 Belief A.2 Belief B.1 Belief B.2
<<M-Goal>> <<M-Goal>>
Goal A.1 Goal B.1
<<M-Goal>> <<A-Goal>>
Goal A.2 Goal B.2
i I

Figure 2. A sample interaction of two
communities within a supra-community

Community A and Community B can be modeled
within the larger context of the supra-community C
(Figure 2). With respect to community C, Community
A and Community B are sub-communities. Community
C daso has a belief and a maintenance goal. The
maintenance goal Goal C.1 influences both
Community A and Community B by being linked to
Belief A.1 and Belief B.1.

The reader might have noticed that we use a very
limited set of concepts: systems, norms, regulative
actions, and interpretations that are modeled with
communities, maintenance goals, achievement goals,
and beliefs respectively. This sparseness of concepts
was a design goa of the Lightswitch method. This was
based on the assumption that a small set of conceptsis
more appropriate for an early requirements method
where ease of use, ease of understanding, and
flexibility are very important. The drawback of this
approach is that there is less richness available to
describe a situation. For example, some people may
argue that some issues that we describe as norms (for
example, the rise in healthcare costs in the case study)
are in fact trends. Also, some aspects that we model as
beliefs would be referred to by many people as facts.
Here the issue is not as much an issue of sparseness of
concepts as it is an issue of dealing with a changing
world. In a changing world, facts have a tendency to
change. Modeling a system's understanding of its
environment as beliefs rather than facts may help
stakeholders to explore different models containing
different beliefs.
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3.2. The Lightswitch process

The Lightswitch process consists of 4 major steps.
The process is usually performed iteratively, each step
being performed up to a point where it yields a model
that is good enough to perform the next step. The steps
can be repeated as necessary until the resulting model
isjudged to be of sufficient quality.

Step 1: Identification of stakeholders

This step consists in identifying nouns in enterprise
discourse and in modeling enterprises as communities
within communities. Engineers are encouraged to go
beyond the immediate preoccupations of the
stakeholders and identify the environment of the
enterprise at the highest level of abstraction possible.
This often leads to the modeling of the environment of
the environment etc. of the enterprise.

Step 2: Analysisof current regulation

This step consists in analyzing how the enterprise
regulates its relationships with its stakeholders. The
analysis is performed by modeling the relationships
with maintenance goals and beliefs within the
communities identified in step 1 and by analyzing the
business processes of the stakeholders with the
regulation oriented heuristics described above.

This step may include the identification of
stakeholders that are not named in the discourse but
whose existence can be inferred by understanding how
the relationships are regul ated.

Step 3. Analysis of the adequacy of the
regulation

This step consists in identifying conditions within
the enterprise and its environment that have rendered
or may render the current regulation inadequate. This
step includes the comparison of current conditions
with past conditions, as well as forecasting future
conditions. As such, it is obviously subject to the
impossibility of completely knowing the past and of
forecasting the future. The regulation heuristics are
again used as guides in understanding how the
regulation may be changing.

Step 4: Proposing changes to regulation and
specifying I T system goals

This step consists in identifying and evauating
options followed by a selection of the most viable
option, considering the existing and foreseeable norms.
This step includes an analysis of compromises needed
to satisfy the expectations of stakeholders (quality of
service), the available resources, and the need to
maintain stability. The regulation heuristics are used to
analyze the consequences of the different options on
the stakeholders.

Following the selection of an option, we derive IT
system goals for this option.

In the following section we show how the
Lightswitch method can be applied to a real-world
requirements engineering effort.

4. The Hospital Case Study

The CHUV (Centre Hospitalier Universitaire
Vaudois) is the main hospital in the Canton of Vaud,
Switzerland. A particular preoccupation in every
hospital is the absence of germs of any kind in the
medical equipment that is used to care for patients.
This medical equipment consists of anything that
comes into contact with patients, bandages, needles
used for injections, instruments used in operations,
implants such as screws, etc. The CHUV, as most
hospitals, has a derilization department. The
sterilization department sterilizes medica material
used by the other departments of the hospital. The
sterilization department uses an IT application called
Mikros to help it with some of its operations.

Mikros has been in use for about 15 years and is
now regarded as obsolete. It has been decided that it
can no longer be maintained and that it needs to be
changed. A team of three people, the manager of the
sterilization service, a software project manager and a
software team manager were asked to conduct an
“opportunity study.” The aim of this study was to
define the needs of the sterilization department in
terms of IT systems for the 2002-2005 timeframe.
These needs should be used for the early requirements
a future IT system. The study was conducted from
April to July 2002. The study included interviews of
several people in high management positions within
the hospital, several debriefing sessions, visits to the
sterilization department, and a visit to the sterilization
service of a French hospital using a state of the art IT
system.

The way the study was organized, showed that the
problem of the replacement of Mikros was not only
analyzed from the point of view of what Mikros does
today and how to replace it with a state-of-the-art
system but also included an analysis of the global
context up to the strategic changes expected in the
Swiss healthcare landscape and the needs of the clients
of the sterilization department. In the following
subsections we show how organizational changes can
be proposed and evaluated and how early requirements
can be defined by following the Lightswitch method.
This is a condensed version of the case that was
published in [6].
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All models and discussions in this paper represent
our interpretations and do not represent an official
position of the hospital.

4.1. Identification and analysis of stakeholders
(step 1)

G ment Peopl
[ |
Hospital
1 1
xematctonts| | | wursing unts | | OPCraing
1 —
puang | | gt |

Suppliers Management

Figure 3. Initial context diagram

The results of the interviews enabled us to define
the initial context diagram in Figure 3 that shows the
sterilization department and its environment as
communities. As specified in this step, we attempt to
define the highest level of abstraction. We thus model
not only the immediate environment of the sterilization
department, i.e. the hospital but also the environment
of the hospita itself, i.e, the Swiss healthcare
environment.

We model this environment as communities, such
as people and government. We place both communities
in a community we can refer to as the heathcare
community.

4.2. Analysisof current regulation (step 2)

The issues that were raised most often by the
stakeholders were the new norms defined by the Swiss
government requiring the traceability of medical
equipment, the distribution of medical materia to
internal clients and the need to control costs in general
and the cost of inventory in particular. In this paper we
will focus on analyzing the inventory problem.

Some of the relevant norms that can be identified in
the environment of the hospital are:

e thecontinuousrisein health care costs

e the continuous improvement in the quality of
healthcare

e people sdesirefor quality healthcare

e people sdesire for improvement of this
quality

e people’sdesire for alimitation of healthcare
cost

These norms result in pressure being put on the
government to require healthcare providers to limit
costs, maintain and improve the quality of healthcare.
These norms are modeled in Figure 4 as maintenance
goas connected through their associated beliefs. The
highest level goals found in this model are for the
different communities to maintain their mutual
relationships.

<<Belief>>
People want
quality healthcare

imit cost of improve quality of
healthcare healthcare

Provide quality ove quali
healthcare healthcare

Figure 4. The environment of the hospital
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To limit healthcare costs the resources provided to
hospitals are limited. To provide better quality with
fewer resources, access to scarce resources (such as
money, medica material, and people) is closely
regulated, as suggested in the previous section. This
regulation puts into motion the scrutiny of existing
business processes and therefore gives a context to the
issues raised by the interviewees.

In order to understand the role of the sterilization
department within the hospital, we can model why it
exists in the first place, we can begin with the goal
identified in Figure 4, “Provide quality healthcare.”
When the hospital was created, a sterilization
department was created on site and given the
responsibility to sterilize medical materia used to
provide care. This was done because a subgoal of the
provision of quality healthcare is to avoid nosocomial
infections.

]
[ 1 Healthcare
q] Hospital
<<Belief>> .
Belief <<Belief>>
<<Belief>> Use of non-sterile Need to maintain
Germs infect material leads to :
e(S) ‘Ie noslocomial sterilization
Germs peop department
infections
<<M-Goal>>
Infect people
<<M-Goal>>
Provide quality
|_ healthcare
<<M-Goal>>
. N <<M-( >>
<<M-Goal>> Nursing units and M-Goal
: . Maintain
Limit nosocomial || operation rooms N
sterilization
infections to use sterilized
department
material

Figure 5. Reasons for
sterilization department

At the same time, a norm was set that specifies that
care be only provided with sterilized material. This is
modeled in Figure 5. Over the years, the sterilization
department has become an integral part of the
operations of the hospital. Indeed, the nursing units
became dependent on the ability of the sterilization
department to remove used material and for the timely
provision of sterilized, adequate material. This
distribution of work has become the norm in the
hospital. This situation is modeled in Figure 6 where
the sterilization department has the goal of maintaining
relationships with nursing units and the nursing units
have the goal of providing care to patients.

Analyzing the sterilization department’s business
processes enables us to understand how the
relationships between the sterilization department and
some of its clients, such as the nursing units, are
regulated. For example, the process that we could call
delivery of sterilized material to nursing units specifies
severa norms, two of which are:

maintaining a

1. The sterilization department is responsible for
removing used material from the nursing
units, sterilizing the material and returning it
to the nursing units.

2. Thereisadistinction between material that is
specific to a given nursing unit and material
that is generic, i.e. used in several units.
Specific material is owned by the nursing unit
and should be returned once sterilized.
Generic material is sterilized then stored in
the sterilization department warehouse and is
distributed to nursing units upon request.

1|

Hospital

<<M-Goal>>
Have adequate
sterilized medical
material available
for quality care to
be provided to
Patients

Nursing Unit

Patients

Sterilization department

—

<<Belief>>
The Ster provides
us with adequate,
sterilized material
when needed

“Beliet>

<<Beliet>> To provide quality|

Nursing unit

Nursing uni cpeliots cars o pationts e

uld ha B I

sterilized medical quality care sterilized medical
material when material when

needed needed

<<M-Goal>>
Maintain
relationships with
Nursing unit

<<M-Goal>>
Provide care to
patients

<<M-Goal>> <<M-Goal>>
Provide adequate, Have adequate,
sterilized medical sterilized medical
material to Nursing| material when
unit when needed eeded

T T
—
L

Figure 6. Relationships between sterilization
department and nursing units

1
 — Healthcare

Hospital

<<M-Goal>>
<<Belief>> Categorize medical
There are 200 material into 2
generic and 2800 categories:
specific articles generic and
specific material

J [
——— ]

Nursing unit_\y

<<Belief>>

We have generic
and specific

medical material

1 |

Sterilization uep¢mem

<<Belief>>
We need to

sterilize generic
and specific

medical material

<<M-Goal>> <<M-Goal>>
Provide adequate, Have adequate,

sterilized medical sterilized medical

material to Nursing material when

unit when needed needed

<<M-Goal>> <<M-Goal>>
Provide adequate, || Provide adequate,
sterilized, generic || sterilized, specific
medical material to || medical material to
Nursing unit when || Nursing unit when
needed needed

<<M-Goal>> <<M-Goal>>
Have adequate, Have adequate,
sterilized generic | | sterilized specific
medical material medical material
when needed when needed

Figure 7. Delivery of material to nursing units
Figure 7 models the norm that distinguishes
between specific and generic material, taking as a point
of departure the goals for the provision of medical
material identified in Figure 6. This distinction has
resulted in the sterilization department’s specialization
to these two norms. Indeed the department has two
speciaized processes, one for the treatment of specific
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material and the other for generic material. We will
now focus on the generic material process.

4.3. Analysis of the adequacy of the regulation
(step 3)

The mode! in Figure 8 provides a further analysis of

the distribution of generic material to nursing units.
The model shows a modus vivendi between the
sterilization department and nursing unit regarding the
management and distribution of generic material.
The maintenance of a minimum of inventory by the
typical nursing unit is necessary for it to maintain its
capability to deliver care to patients. Indeed, the
nursing unit is physically distant from the sterilization
department, and it faces unpredictable situations with
patients. It thus cannot rely on the sterilization
department’s inventory for its day to day operations
but needs to maintain its own inventory.

The existence of the nursing unit inventory,
however, creates a situation where the sterilization
department can make partia deliveries. A partia
delivery is made when the sterilization department
inventory is out of stock. The existence of the concept
of partial delivery and the existence of the nursing
unit’s inventory are interdependent. The Maintenance
of inventory by the nursing unit is interpreted by the
sterilization department as relieving itself from
managing its inventory too closely. In terms of the
Lightswitch heuristics, this corresponds to a regulation
by error. At the same time, the occurrences of partia
deliveries encourage the nursing unit to protect its
ability to deliver care to patients by maintaining a
relatively large inventory and by ordering medical
material preventively. In terms of the Lightswitch
heuristics this corresponds to the regulation by
anticipation. Thus, this situation probably leads to a
large inventory in the nursing unit, which anticipates
the dsterilization department’s inability to deliver
complete orders in order to protect themselves from
partial deliveries. Note that this was identified as a
potential problem in the regulation by anticipation
heuristic.

Another factor, shown in Figure 8, that contributes
to large nursing unit inventory is the nursing unit’s
belief: “We don't have time and knowledge required to
manage our inventory.” This may be caused by a high
turnaround rate of personnel in nursing units, the
nursing units' personnel being preoccupied with more
urgent tasks such as caring for patients, and nursing
units lack of inventory management tools.
Furthermore, each nursing unit probably spends some

of its time managing its inventory, which can be seen
as not being one of its primary duties.

1
] Healthcare

Hospital

from Ster

<<Belief>>
Quality of care

depends in part on
av: and

|
Sterilization department \|/
<

<<Belief>>
The Ster provides

<<Belief>>
We take and fulfill
orders of generic

material from sterilized generic,
medical material

Nursing units

medical material
when needed

<<M-Goal>>
M-Goal <<M-Goal>>
in

Maintai ntory
of adequate,
sterilized generic
medical material

<<M-Goal>>
<<M-Goal>> Take and fulfill
Manage inventory Nursing unit's
of generic material | | orders for generic

from when
aaaaaaaa
inventory too low

<<Belief>> We don't have time
Itis possible to and knowledge
) receive a partial required to
delivery manage our

Some material may | | Nursing units have
be out of stock in an inventory of
uuuuuuuu tory medical material

<<M-Goal>>
Take and fulfill
N nit's

nnnnn tory
<<M-Goal>>
Order generic
generi medical material
tor)

when inven
too low

nnnnnnnnn

o eiti
\y needed

<<Belief>>
Difficult to manage
the stock with the

Figure 8. Reasons for the inventory problem
The beliefs about this situation by the different
communities involved are the following:

e The sterilization department believes that this
|eads to waste due to expiry dates on sterilized
material which leadsto either throwing away
of material or re-sterilization of expired
material.

e  The sterilization department believes that it
cannot correctly manage its inventory, i.e.,
due to the accumulation of material in the
nursing units, the sterilization department
cannot predict what levels of inventory it
needs to have. Thus, for the sterilization
department, partial deliveries may happen
because of the large nursing units’
inventories. We are in a self perpetuating
cycle.

e Management believesthat thisisan
unsatisfactory situation with respect to the
cost of inventory. Hence, the environment of
the sterilization department is changing. A
situation that was accepted before is now
viewed as a problem.

In terms of the Lightswitch heuristics these beliefs
correspond to stakeholders’ dissatisfactions.
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The people we interviewed in the sterilization
department believe that the issue of partial deliveries
was relevant in the past but that now they manage their
inventory in a way that insures complete deliveries. If
this is the case, then we can see that the nursing units
are probably anticipating on a problem that does not
exist anymore. However, since being out of stock
represents a much more important threat to their ability
to provide care than the existence of too much
inventory, they are willing to sacrifice some
inefficiency in their use of resources rather than lose
the ability to correctly regulate their relationships with
their own clients, i.e. their patients.

44. Proposing changes to regulation and
specifying I T system goals (step 4)

We can think of several optional courses of action
in this situation. Any of these proposed options may
encounter forces that act against change as part of the
hospital and its constituents maintenance of their
identity. This is known as the homeostatic principle
[12] [6]. In the following list we describe two of these
options and explain some of their implications:

Option 1: Maintain the nursing units' inventories
but make the sterilization department responsible for
managing it. This places the inventory regulation
factor solely in the sterilization department. The
sterilization department will have the goa of
maintaining adequate inventory levels in the nursing
units.

This solution would require the sterilization
department to build statistics on which nursing unit
uses what material and at what rate, and use these
statistics to predict the needs of each nursing unit in
order to maintain itsinventory.

A backup mechanism will be needed, i.e, an
emergency delivery service to nursing units in case
they are out of stock due to an unanticipated surge in
its activities. In terms of the Lightswitch heuristics,
this mechanism is an anticipation of future problems.

This solution will remove the responsibility of the
nursing units to manage their inventory, thus freeing it
to focus on the provision of care to patients. The
nursing units will then depend even more on the
sterilization department’s ability to manage the
inventory, i.e., the nursing units will lose some of their
autonomy.

The sterilization department will need to have more
personnel and train them to manage the nursing unit
inventory.

In terms of the Lightswitch heuristics, the
sterilization department will be more specialized

toward nursing units. The solution may be more
efficient but will result in an increased
interdependence  between  nursing  units  and
sterilization department.

Option 2: Require the nursing units to reduce its
inventory to a minimum and rely on the sterilization
department’ s ability to do fast and complete deliveries.
This maintains the inventory regulation factor in the
nursing units but also requires the sterilization
department to anticipate the aggregated consumption
of al nursing units.

The sterilization department will have the goals of
maintaining its inventory level so as not to run out of
stock and insuring delivery of orders before nursing
units run out of their minimal inventory.

The nursing units will retain their autonomy, i.e.,
the responsibility and capability of managing their
inventory. On the other hand, it will be taking
responsibilities that may be out of its scope of
providing care to patients. So in situations of stress, the
quality of the inventory management may drop. This
option may also cost more (at least for the short term)
than option 1, because it may cost more to train al the
nursing units personnel to manage their inventory
than to train the sterilization department’s personnel
only.

These options represent different compromises in
the use of scarce resources (e.g. medica materia,
financial resources) between specialization and
autonomy; between regulation by error and by
anticipation. These compromises have different
consequences for the relationships (e.g. level of service
furnished) between the sterilization department and
nursing units on one hand the nursing units and clients
on the other hand.

Figure 9 shows the model for option 1. The belief
of management that the nursing units' inventory is too
expensive and the belief that the nursing units cannot
reliably manage their inventory now result in a
maintenance goal that instructs the sterilization
department to manage the nursing units’ inventories.
By placing these beliefs and this maintenance goal in
the hospital community, we wish to show that this has
become the norm of the whole hospital.

This maintenance goal influences both the nursing
unit and the sterilization department. The nursing unit
now relies on the sterilization department’s ability to
manage its inventory. A backup regulation mechanism
for urgent orders is provided to handle unexpected
events in the nursing units. Notice that compared to the
model in Figure 8 the nursing unit does not have the
goal to manage its inventory but the sterilization
department’s goal has changed from managing its

Presented at the 12" |EEE International Requirements Engineering Conference 2004 (RE’04), September 6-10 8

2004, Kyoto Japan.



inventory to managing the nursing unit’s inventory.
This means a definite shift in the mission of the
sterilization department, which may now focus more
on its clients needs.

c
i
t00 expensive
<<M-Goal>>
Limit cost of
care
ter
ursing units’

Figure 9. Model of option 1

We now want to analyze what the goals of the IT
system should be for option 1. Figure 10 shows a
further reduction of the maintenance goal of the
sterilization department, “Manage Nursing unit
inventory” and the resulting IT system goals.

The IT system’s main goals are shown at the bottom
of Figure 10. They are stated as goals that help the
sterilization department’s personnel to achieve the
goalsidentified above.

In this section we have shown how the Lightswitch
method can be used to define early I T requirements for
the sterilization department. At first, we did not focus
on the sterilization department but on the environment
of the hospital. This enabled us to understand some of
the norms that apply to the hospital and to the
sterilization department. We analyzed the relationships
regulated by the sterilization department. We have
identified some problems in these relationships, which
arise from past norms within the department and in its
environment as well as the norms identified earlier in
the hospital’s environment. We have proposed two
optional courses of action for resolving these
problems. We have anadyzed some of the
consequences of the options and defined high-level
goasfor IT system for one of these options.

One of the results of this phase is to show that the
mission of the sterilization department, from the point
of view of the hospital, can be seen as “remove and
provide sterilized material to nursing units when
needed, at the right quality and cost.” This relatively
large mission may be overlooked if the sterilization

department is considered without reference to its
norms and those of its environment.
]

] Healthcare |
<<M-Goal>> |[____] Hospital
Provide V Sterilization Department
quality
healthcare <<Belief>> <<Belief>> <<Belief>> <<Belief>>
Inventory costs Nursing anit Sterilized medical || Some instruments
material is used by Nursing
should be as low | should not run out | | o ceq from raw || units have long
as possible of medical material
material purchasing delays
<<M-Goal>>
Limit cost of <aM-Goals>
care Manage Nursing
unit inventory
<<M-Goal>> <<M-Goal>> <<M-Goal>>
<<M-i >>
Maintain Nursing Insure timely olan ’\ergS:ucn of Insure timely
unit inventory at supply of raw slem'ijzed il supply of new
optimum level material instruments
| | | |
v V romen v
<<M-Goal>> <<M-Goal>> <<M-Goal>> <<M-Goal>>
Help Ster Help Ster T oty Help Ster
personnel to personnel to erscn:E| o blan personnel to
maintain Nursing insure timely P et P " insure timely
inventory at supply of raw "m‘ “ITI '°‘" an supply of new
optimum level material sterilization instruments

Figure 10. IT system goals for option 1

5. Related Work

Early requirements can be seen as the phase where
business needs meet the IT system requirements. As
such, many methods that have originated at the frontier
between business and IT can be used, such as Soft
Systems Methodology [2] and Systems Diagrams [8].
The Lightswitch method shares some of the
characteristics of these methods, as well as their
origins, in the system sciences. However, the
Lightswitch method provides more tools for
understanding the regulation of relationships from the
point of view of the maintenance of identity and it is
more strongly coupled with requirements engineering
practices, providing specific high-level goals for the
envisioned IT system.

In the requirements engineering field, the Volere
process blast off phase [7] provides guidance for the
early requirements phase. However, it relies on a well
defined problem statement obtained from stakeholders
in order to define the purpose and context diagram that
can be seen as representing the early requirements.
When the problem is not clearly defined, which is
often the case in IT projects, defining the system’'s
purpose becomes a project in itself. The Lightswitch
approach can help in understanding the problem and
defining the purpose.

The i* framework [13] was developed specifically
for the early requirements phase. It models an
organizational context, such as an enterprise, as
strategic relationships between actors that depend on
each other for achieving goas, performing tasks, and
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exchanging resources. The Lightswitch method
provides an explanation on why these relationships are
maintained in certain states. The regulation heuristics
enable requirements engineers to understand some of
the changes that are occurring in these relationships.
Hence, the Lightswitch method can be used as a
complement to i* to foster discussion between
stakeholders about the way they regulate their
relationships, the different courses of action available
to them and the influence of these on the IT system
reguirements.

Furthermore, Lightswitch is a lighter weight method
than existing goal-oriented methods, it contains less
modeling elements and therefore less symbols to
understand and remember.

Lightswitch is more informal than existing methods.
This can be seen as a disadvantage for late
requirements but may be an advantage when it comes
to early requirements where the focus is on specifying
high-level goas for the IT system rather than
producing accurate and complete requirements.

The Lightswitch concepts bear resemblance with
some of the concepts in Wand and Weber’s ontology
[10]. Whereas a full comparison with this ontology is
out of the scope of this paper, it is worthwhile to
mention that Wand and Weber define the concepts of
stable and unstable states of a system. For Wand and
Weber the difference between stable and unstable
states relates to the kind of event that can change the
state. In Lightswitch the concept of a norm (a stable
state) refers to a state that remains relative unchanged
in a given period of observation, regardless of the
events that may change the state. Furthermore, in
Lightswitch we establish a direct relationship between
the need to maintain stable states (in changing world)
and actions. Wand and Weber do not make this
connection.

6. Conclusions

The early requirements phase for an enterprise IT
system is concerned with setting the main directions
for which this system will be built. This phase includes
activities for understanding the organizational context
of the IT system, i.e., the enterprise. The Lightswitch
method, presented in this paper, provides tools for
understanding this context by encouraging project
participants to model how the enterprise regulates its
relationships with its stakeholders. During this analysis
the changing nature of the enterprise and its
environment, as well as the aspects that the enterprise
attempts to maintain unchanged, are anayzed. The
result of the analysisis a set of interlinked models that

describe how the enterprise maintains its identity in its
environment, models of the changing nature of the
enterprise and its environment, a set of options to adapt
the enterprise to these changing conditions, and initial
IT system goals for these options. Future work may
consist of the development of a tool that makes the
management of Lightswitch models easier in practice.
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